We present accurate wide-field uVI photometry of the remote and massive Galactic globular cluster NGC 2419, aimed at searching for the u-V color spread along the Red Giant Branch (RGB) that is generally interpreted as the photometric signature of the presence of multiple populations in globular clusters. Focusing on the RGB stars in the magnitude range 19.8 V 22.0, we find that (a) the u-V, u-I and the V-I spreads about the RGB ridge line are significantly larger than that expected from observational errors, accurately quantified by means of extensive artificial stars experiments, (b) the intrinsic color spread in u-V and u-I are larger than in V-I, (c) the stars lying to the blue of the RGB ridge line in u-V and u-I are significantly more concentrated toward the cluster center than those lying to the red of that line. All the above observational facts can be interpreted in a scenario where a sizable fraction of cluster stars belong to a second generation heavily enriched in Helium. Finally we find that bright RGB stars (17.5 <V< 19.0) having [Mg/Fe]< 0.0 lie preferentially on the red side of the cluster RGB, while those having [Mg/Fe]> 0.0 lie preferentially on the blue side.
INTRODUCTION
It is now generally recognised that Galactic Globular Clusters (GCs) are not hosting a pure single-age single-chemicalcomposition stellar population, but were in fact the site of two (or more) bursts of star formation, accompanied by chemical evolution, during the first ∼ 10 8 years of their lifetimes as stellar systems (see Gratton, Carretta & Bragaglia 2012, G12 hereafter, for a recent thorough review and references). This postulation is motivated by the discovery that many GCs host stellar populations with differences in their chemical composition.
⋆ Based on data acquired using the Large Binocular Telescope (LBT). The LBT is an international collaboration among institutions in the United States, Italy, and Germany. LBT Corporation partners are The University of Arizona on behalf of the Arizona university system; Istituto Nazionale di Astrofisica, Italy; LBT Beteiligungsgesellschaft, Germany, representing the MaxPlanck Society, the Astrophysical Institute Potsdam, and Heidelberg University; The Ohio State University; and The Research Corporation, on behalf of The University of Notre Dame, University of Minnesota and University of Virginia. † E-mail: gbeccari@eso.org High-resolution spectroscopy of large samples of Red Giant Branch (RGB) stars in many GCs have revealed the presence of significant (and correlated) spreads in the chemical abundance of some light elements (primarily O, Na, Mg, Al) among the stars of each cluster, in spite of a virtually perfect homogeneity in iron abundance (see, e.g. Carretta et al. 2009 , references and discussion therein). The finding of the same abundance pattern among GC Main Sequence (MS) and Sub Giant Branch (SGB) stars indicates that it is not attributable to evolutionary effects but to chemical pollution of pristine gas from which cluster stars originally formed (see, e.g. Gratton et al. 2001; Ramírez & Cohen 2002 . Low-resolution spectroscopic analyses (both for RGB and MS-SGB stars) were able to trace large spreads and anti-correlations in the strength of CN and CH bands, in some cases with clearly bimodal distributions (see, e.g. Martell et al. 2008; Kayser et al. 2008; Pancino et al. 2010; Lardo et al. 2012a,b , for recent results and references).
On the other hand, the splitting of the MS detected in the Color Magnitude Diagram (CMD) of some clusters can be explained only with the presence of a large intra-cluster spread in He abundance (e.g. Norris 2004 ; D'Antona et al.
2005
; Piotto et al. 2007 ). The RGB bump has also been used as a tracer of He spread within clusters Nataf et al. 2011) . The splitting of SGB has also been observed in several clusters, although a univocal interpretation for this specific phenomenon is still lacking (see Milone et al. 2008 Milone et al. , 2012 Piotto et al. 2012 ).
Multi-band photometry involving a near UV passband encompassing the wavelength range 3000Å λ 4000Å (e.g. Landolt's U band, Strömgren u band, F336W filter on the Hubble Space Telescope cameras) allowed the discovery that RGB of GCs appears split and/or broader than that expected from observational errors, with clear correlation between RGB colors at a given magnitude and abundance of Na or N (Yong et al. 2008; Carretta et al. 2009 Carretta et al. , 2010 Kravtsov et al. 2010; Marino et al. 2008; Lardo et al. 2011 Lardo et al. , 2012b . It has been convincingly demonstrated that colors including near UV filters trace the strong variations of the strength of NH, CN, CH spectral features lying in that region of spectra of RGB stars Sbordone et al. 2011; Milone et al. 2012) . In particular, Milone et al. (2012, Mi12 hereafter) have shown very clearly that the combination of spreads in the abundances of He, C, N, and O are responsible of a variety of photometric features in the CMD of GCs hosting multiple populations, depending on the considered evolutionary sequence and the set of adopted passbands. Interestingly, stars belonging to different generations (i.e. to different episodes of star formation) appear well separated in color along a given evolutionary sequence on the CMD (e.g., along the MS or the RGB; see Fig. 35 by Mi12) and show systematic differences in their radial distributions. It has been generally found that second generation stars (rich in N, He, and Na) are more centrally concentrated than the first generation stars (see Lardo et al. 2011; Vesperini et al. 2012 , and G12 for review and references). At present, IC4499 is the only Galactic GC with accurate near UV photometry that does not show the photometric signatures of multiple populations (Walker et al. 2011 ).
In Lardo et al. (2011, hereafter L11) we used public u,g,r photometry of Galactic GCs obtained by An et al. (2008) from Sloan Digital Sky Survey (SDSS, see Abazajian et al. 2009 ) images, to look for near-UV color spread along the RGB. Seven of the nine surveyed clusters showed statistically significant color spread while for the remaining two (NGC 5466 and NGC 2419) the available photometry was not sufficiently accurate to detect any sign of spread. The correlation between u-g color at a given magnitude along the RGB and Na abundance of individual stars was also demonstrated, at least in one case, and the significant differences in the radial distribution of blue and red RGB stars were found in all seven GCs with positive detection of the color spread. A deeper photometric investigation of NGC 2419 was a natural follow up of the analysis by L11. is by far larger than that of other GCs of the same luminosity and is more akin to the nuclei of dwarf galaxies than to classical GCs (Mackey & van den Bergh 2005; Brodie et al. 2011; Newberg et al. 2003; Casetti-Dinescu et al. 2009) 2 . Another rare feature that NGC 2419 shares with other peculiar clusters (e.g., ω Cen, M54) is the presence of a conspicuous Blue Hook population, at the hottest extreme of the Horizontal Branch (HB; Dalessandro et al. 2008) .
In spite of all the above hints suggesting the intrinsic complexity of this object, high quality spectroscopic and photometric observations able to unveil the subtle effects of multiple populations in this cluster were lacking until very recent times. Di Criscienzo et al. (2011b, hereafter D11) assembled accurate photometry from different telescopes, including Hubble Space Telescope (HST) and in different passbands, yet lacking near-UV ones. In spite of this, they were able to demonstrate that the observed F435W-F814W color spread on the RGB was significantly larger than that expected from observational errors 3 . They found that the observed RGB color distribution can be consistently interpreted together with the peculiar HB morphology of the cluster by assuming that ∼30% of the cluster stars belong to a second generation that is heavily enriched in He (D11 provide Y=0.42 as an indicative, reference value). D11 show that at the very low metallicity of NGC 2419 such a high He abundances is the prevailing factor that determines the color of RGB stars of the second generation that, at odds with other cases described above, lies to the blue of first generation stars, at least in the colors they considered and near the base of the RGB, where the color spreads are more evident (see L11, discussion and references therein). Mucciarelli et al. (2012, hereafter Mu12 ) obtained abundances of Fe, Mg, K, Ti and Ca for 49 RGB stars of NGC 2419 from high S/N medium resolution spectra. They found that (a) the observed iron (as well as Ti and Ca) abundances are consistent with no intrinsic spread, (b) both Mg and K abundances display huge spreads, −1.2 [Mg/Fe] +1.0 and −0.2 [K/Fe] +2.0, and obvious bimodal distributions, and, finally, (c) [Mg/Fe] and [K/Fe] are strongly anti-correlated. Such large Mg and K spread as well as the anti-correlation between these two elements were never observed before, neither in GCs or in dwarf galaxies. These results have been nicely confirmed by Cohen & Kirby (2012) from the analysis of high-resolution spectra of 13 bright RGB members. The latter also found a significant spread in Na abundance among the sampled stars, in particular among the eight K-poor (and Mg-rich) ones.
Mu12 noted that the large spread in Mg at constant Fe abundance and the similarity in the fraction of Mgdeficient stars and of putative He-rich stars (according to Di Criscienzo et al. 2011b) suggest that the observed abundance pattern may trace an extreme case of the same self-enrichment process due to multiple populations that is at work in other GCs. Indeed, a very recent paper by Ventura et al. (2012) , proposes a theoretical framework based on self-enrichment from massive (M ∼ 6M ⊙ ) Asymptotic Giant Branch (AGB) stars that appear as a significant step forward in explaining the many peculiar features observed in this cluster.
In this paper we use high quality near-UV and optical photometry obtained with the Large Binocular Camera (LBC) mounted at the Large Binocular Telescope (LBT) to search for any intrinsic UV spread along the RGB stars of NGC 2419. This would provide additional and direct observational support to the notion that the self-enrichment process typical of GCs also occurred in this cluster.
OBSERVATIONS AND DATA REDUCTION
Photometry was acquired at the LBT (Mount Graham; AZ), on the night of October 23, 2011, under good seeing conditions (0.
′′ 7−0. ′′ 9) using the blue and red channels of the LBC (LBC-B and LBC-R, respectively; Giallongo et al. 2008) , simultaneously. The optics of each LBC camera feeds a mosaic of four 4608 px × 2048 px CCDs, with a pixel scale of 0.225 arcsec px −1 . Each CCD chip covers a field of 17.3 ′ × 7.7 ′ . Chips 1, 2, and 3 are flanking one another, being adjacent along their long sides; Chip 4 is placed perpendicular to this array, with its long side adjacent to the short sides of the other chips (see Fig. 4 of Giallongo et al. 2008) . During our observations the pointing was chosen to place the center of NGC 2419 at the center of Chip 2 (see Fig. 1 ). In the following, we will use the terms Chip 1,2,3,4 referring both to the chips themselves and to the Field of View (FoV) they sample in the present case.
We used LBC-B to acquire 14 texp = 300 s exposures in the so called uspec filter, that reproduces the Sloan Digital Sky Survey (SDSS) u passband (see Ivezić et al. 2007 , and references therein). In the same time we used LBC-R to acquire 14 texp = 90 s exposures in V and I bands.
A photometric catalog of stellar magnitudes was obtained using an accurate Point Spread Function (PSF) fitting procedure performed through DAOPHOTII (Stetson 1987) . Up to 60 well sampled and isolated stars in each individual frame were chosen to model the PSF. We used a Moffat analytic function and a third-order look-up table was necessary in order to properly account for the spatial variation of the PSF (see Giallongo et al. 2008 , and http://lbc.mporzio.astro.it/commissioning/psf.html).
A master list of stars was obtained using all the stars detected in at least 6 of the 14 V-band images. This approach delivers a master catalog free of spurious detections, such as cosmic rays or haloes and spikes around saturated stars. The resulting master list was then used to perform PSF fitting over the entire dataset, adopting the standard ALL-FRAME routine (Stetson 1994) . Finally, the average of the magnitudes of the stars measured in at least 10 of the 14 frames of each 9band was adopted as the stellar magnitude in the final catalog, and the error on the mean was assumed as the associated photometric uncertainty. The final catalog contains a total of ∼ 11, 500 stars sampled in the u, V and I bands. 
Photometric calibration, astrometry, and sample selection
The transformation from instrumental to calibrated magnitudes was performed using large numbers of secondary standard stars that were included in our FoV and were successfully measured and included in our final catalog. For all the considered passbands (a) we derived a transformation for Chip 2, that contains most of the standard stars and will be the main focus of our analysis, (b) we applied the same transformations to stars from all the LBC chips, then (c) we used the secondary standards in each chip to adjust the photometric Zero Points (ZP). In this way the general calibrating equations are derived from the largest sample of standard stars and any chip-to-chip photometric shift is corrected for using local standards. V and I magnitudes were calibrated using the large set of accurate secondary standards by Stetson (2000 Stetson ( , 2005 . In the left panels of Fig. 2 the solutions for Chip 2, as derived from more than 700 standard stars per filter, are presented. The dashed lines enclose the range in instrumental color covered by cluster stars. The derived first-order polynomials are roughly adequate in this range, and fully adequate for v-i 1.1. Since the stars being the main focus of the following analysis lie in this range (i.e. the RGB stars enclosed between the two solid lines in the right panel of Fig. 2 ), the adopted transformations are appropriate for our purpose. It is interesting to note that a non-linear trend of I-i with color appears for cluster stars redder than v-i= 1.1. This suggests that the differences between the actual LBC-R I filter and the standard I filter makes up a kind of "color" that is likely sensitive to stellar surface gravity, since bright cluster giants and foreground M dwarfs seem to have different behaviors as a function of v-i color. Stetson (2000 Stetson ( , 2005 . The vertical dashed lines enclosed the range of instrumental colors covered by cluster stars. The red solid lines display the adopted calibrating equations. The dotted segment marks the red limit beyond which a single linear relation is no more adequate to calibrate all the stars. The same limit is marked as a dotted line in the right panel, showing the CMD of the stars in common between the two catalogs. The solid horizontal lines enclose the magnitude range of the RGB stars that are the object of our analysis.
We used the large number of standard stars in the FoV to verify the lack of any significant residual trend (at the level of 0.01 mag) of the photometric ZP with position within Chip 2.
The ZP of the other chips were adjusted adding the following shifts ( To calibrate u photometry we used as secondary standards the stars in common between our photometry and the SDSS Data Release 8 (DR8, Aihara et al. 2011 ) public catalog of stellar sources. DR8 is the first SDSS release whose calibrated photometry fully relies on the so-calledüber-calibration procedure (Padmanabhan et al. 2008) , achieving 1 per cent relative calibration errors in g,r,i,z and 2 per cent in the u band over the entire survey area. Since in the actual DR8 catalog both the number of stars with valid photometry and the photometric accuracy are limited by data reduction approach adopted by the SDSS in the most crowded area around the cluster center, we adopt the catalog by An et al. (2008) as an additional (and not independent) dataset to check and extend our calibration. An et al. (2008) re-reduced SDSS images using state-of-the art techniques for stellar photometry in crowded regions, obtaining catalogs with larger number of stars and with better relative photometry accuracy near the cluster center with respect to DR8. Since An et al. (2008) photometry was based on DR7 calibrations we adjusted their ZP to the newüber-calibrated DR8 system using 1655 stars in common between the two catalogs 4 . In the upper panels of Fig. 3 we show the adopted solution for the calibration of u photometry compared with the two datasets; only stars brighter than u≃ 20.3 were adopted to fit the ZP (open symbols) that is clearly independent of color over the wide covered range. The comparison with the more extended (in number and color) catalog by An et al. (2008) fully confirms the adequacy of the solution. In the lower panels it is shown that the adopted best (bright) standards do not trace any obvious trend of the photometric ZP(u) with position in the chip. However the considered standard stars are not so many and the scatter is larger than in V and I: trends with position of maximum amplitude 0.03 mag across Chip 2 FoV can, in principle, be present and go unnoticed. This is a caveat that should be kept in mind in the following. While it is quite unlikely that such an undetected trend is at the origin of the results of our analysis, we do not have any real control on its actual effects.
More than two hundred local standards per chip were used to adjust the ZP of chip 1, 2, and 4. The derived shifts are null, except for Chip 4, where ∆ZP (u) = +0.03.
To minimize any subtle residual photometric trend as a function of position that may affect our results, we will limit the core of our analysis only to stars lying in Chip 2 (see Sect. 3). Fig. 1 shows that this allow us to maintain a good radial coverage (from the cluster center out to 10r h ) while dealing with the best calibrated and cross-checked photometric sample. Photometry from other Chips have been used only to estimate the impact of foreground contamination of our CMDs (see Sec. 3). We provide a detailed description of the whole procedure of calibration as a reference for future users of our photometric catalog that we make electronically available (a small sample is shown in Table 1 ) .
Astrometry
The star coordinates were transformed from X,Y in pixel to Equatorial J2000 RA and Dec, using SDSS stars as astrometric standards, with the code CataXcorr 5 . The transformation was performed in two steps:
• first, through a third order polynomial using the DR8 catalog, that covers uniformly the whole LBC FoV except for the immediate surroundings of the cluster center (because of crowding).
• then, through a first order polynomial using the An et al. (2008) catalog that is much more populated near the cluster center but misses the corners of our FoV.
The final solutions has a r.m.s of 0.04 ′′ , both in RA and Dec, from ∼ 2400 stars in common (Chip 2). The difference in position between our astrometric system and that by Stetson (2005) has a r.m.s of 0.04 ′′ in RA and 0.05 ′′ in Dec for 2745 stars in common. The r.m.s. is always 0.07 ′′ also for all the other chips, both with respect to DR8 or Stetson (2005) astrometry, albeit with significantly less astrometric standards (from ∼ 100 to ∼ 400, depending on the case).
In the following we will adopt the coordinates of the cluster center by Dalessandro et al. (2008) and the estimate of the half-light radius r h = 56.3 ′′ by Ibata et al. (2011) , as a reference lenght-scale.
Sample selection
The scientific goal of our experiment requires stringent quality control: for our purpose it is much better to lose stars whose photometry is somehow uncertain than including spurious sources or measures. For this reason we adopted pretty conservative criteria on the quality parameters provided by DAOPHOT, i.e. CHI and SHARP (see Stetson 1987 Stetson , 1994 . By simultaneous inspection of the CMD and the SHARP vs. V and CHI vs. V diagrams we finally adopted the following magnitude-dependent criteria. We accept as bona-fide well measured stars for the following analysis sources having The above criteria select a sample of 8036 sources, 6802 of them in Chip 2. The following analysis will always deal with this selected sample, even if we maintain all the original 11495 sources in our catalog. In Sect. 2.3, below we will introduce a further selection based on the distance from the cluster center, i.e. we will exclude from our analysis stars with R 50 ′′ . A sample of the photometric catalog of selected stars in the entire mosaic is presented in Table 1 .
The Color Magnitude Diagrams
In Fig. 4 we present the V, V-I and V, u-V Color Magnitude Diagrams of our selected sample (all chips). The well defined cluster RGB is the dominant feature, from V ∼ 18 down to V ∼ 23 where it bends into the SGB and MS down to a limiting magnitude V ≃ 24.5. The prominent blue HB sequence is visible from V ≃ 20.3 to V ∼ 22.5. We verified, by cross-matching with the deeper Subaru and HST photometry by Dalessandro et al. (2008) , that the handful of faint blue stars at V − I ≃ u − V 0.0 and V < 23.0 are extreme BHB stars (blue-hook, Dalessandro et al. 2008; Di Criscienzo et al. 2011b) . The majority of the sources at V < 20.5 and u-V< 1.0 are not among the variable stars listed by Di Criscienzo et al. (2011a) , but have, instead the colors typical of quasars. Indeed a few of them have been counter-identified as known quasars. We are following up these sources since they can provide an excellent reference frame for the determination of the absolute proper motion of the cluster.
The vertical stripe of stars with a sharp color-edge at V − I ∼ 0.8 and u − V ≃ 1.2 is made of foreground TurnOff stars at various distances in the Galactic Halo. For V − I 2.0 and around u − V ∼ 3.6 the plume of Galactic Mdwarfs is clearly visible. In the V, u-V CMD a hint of the MS of the Monoceros Stream (lying in the foreground, see Sollima et al. 2011) , can be also discerned, bending from (V, u-V)∼(21.0,1.0) to (V, u-V)∼(23.5,3.0).
Several stars within ∼ 0.5 magnitudes from the tip of the cluster RGB (at V ≃ 17.4) have been excluded from the selected sample by the criteria described in Sect. 2.1.2, likely because they were partially saturated. Finally, in Fig. 4 we superpose to the cluster MS and RGB the ridge lines we derived from the data by averaging the color (with 2-σ clipping) over magnitude bins of variable width. These ridge lines are always used as a reference in the following.
We do not see any obvious sign of differential reddening across our FoV. This is in good agreement with D11 who set a strong upper limit of 0.005 mag to differential reddening over the central field of view sampled by their HST data.
Artificial stars experiments
As previously discussed, the aim of this work is to search for color spreads along the RGB. It is then crucial to have a realistic and robust estimate of any possible unphysical factors that can induce the broadening of the RGB (e.g. blending, photometric errors; see Lardo et al. 2011 ).
These features, related to the quality of the data, can be properly studied through artificial stars experiments. We produced a catalog of artificial stars following the procedure described in Bellazzini et al. (2002) . We first generated a catalog of simulated stars with a V magnitude randomly extracted from a Luminosity Function (LF) reproducing the observed LF in the V band. The u and I magnitudes were assigned at each sampled V magnitude by interpolating the mean ridge lines of the cluster (see Fig. 4 ).
The artificial stars where then added to the real images using DAOPHOTII/ADDSTAR routine and adopting the same PSF models computed during the PSF fitting of the images (see Sect. 2). In order to avoid the risk to induce artificial stellar crowding, each frame was divided in a grid of boxes of the size of 20 pixel (i.e. 5 times the mean FWHM of the stars in the frames) and only one star was randomly placed within each box in each artificial test run. Once the artificial stars were added on the images, we per- formed the photometric reduction adopting exactly the same approach described in Sect. 2. The entire procedure was repeated many times and we collected a final catalog of more than 200,000 artificial stars. We finally applied to the artificial stars the same selection criteria used for real stars (see Sect. 2.1.2).
In Fig. 5 we show the photometric errors computed as errors on the mean from repeated measures (black dots), both for real (left panels) and artificial stars (right panel). It is reassuring that the error distributions in the two sets are fully consistent, and that the r.m.s. of the differences between input and output magnitudes has also a similar behaviour (grey circles). Note that the average photometric error is 0.01 mag in all the considered passbands for RGB stars in the magnitude range that we consider for our analysis (19.8 V 22.0, see Sect. 3, below). In Fig. 6 the completeness and the scatter in u-V color are plotted as a function of distance from the cluster center for the same sub-set of (artificial) RGB stars. The completeness within R 50 ′′ is so low that in the following we exclude stars in this radial range from our analysis. For R 150 ′′ the completeness is constant with radius. The small discontinuity at R ∼ 230 ′′ is due to an additional loss of stars in a radius of ∼ 50 ′′ around the bright foreground star HD60771 (V=7.23).
In the following analysis we will made use of subsamples of artificial stars having the same magnitude, color and radial distribution as the real sample we are considering in our analysis. These samples are obtained by associating to each real star a successfully recovered artificial star lying in the immediate proximity and having similar magnitude and color of the real star, as done and described in detail in Bellazzini et al. (2012) . We define these sets of artificial stars as Similar Samples. Similar Samples provide the best approximation of the effects of the observation + data reduction process as the actual sample of real stars under consideration. This is a safe approach when dealing with cases in which, for instance, the completeness and/or the photometric error distributions may change significantly with radius (see Fig. 6 , and Bellazzini et al. 2012) . Notice that whenever we use a Similar Sample in our analysis, we counter-check our results adopting three different (albeit not fully independent) random realisations of the sample.
COLOR SPREAD ALONG THE RGB
In the upper-left panel of Fig. 7 we show how we selected the RGB sample that is the object of the present analysis. We focus on stars on the lower RGB, below the RGB bump, where (a) the effects of CNO and He abundance differences on color spread are larger (L11,Mi12 Sbordone et al. 2011), (b) no effects of extra-mixing are expected (Gratton et al. 2000) , and (c) any possible contamination from genuine AGB stars is avoided. We recall again that, in the following, we consider only stars from Chip 2 with R > 50 ′′ , except for the lower panels of Fig. 7 . Following L11, we selected the most likely RGB candidates in V-I color, in a narrow (±0.06 mag i.e. more than 4 times the combined photometric error in V an I bands) strip around the ridge-line. Heavy points show how this selection translates into the u-V, V CMD in the upper-right panel of the figure.
In order to have a robust estimate of the field contamination possibly affecting our RGB sample, we counted the number of stars located at a distance R > 10r h from the cluster center (from any Chip) and falling in the same se- lection box used to our bona-fide RGB stars. As shown in the lower panels of Fig. 7 , only 15 stars falls in this box. Since the ratio of the area of the two considered regions is ∼ 3.5, less than 5 field stars are expected to contaminate the inner sample, where most of cluster RGB stars lie. This clearly demonstrates that fore/background contamination is negligible.
Again following L11, we define the absolute color spread (∆ col ; where col=V-I or u-V) as the difference (in magnitudes) between the color of a selected star and the ridge-line at the same magnitude, and the normalized color spread as the same quantity divided by the corresponding photometric error (
In Fig. 8 we compare the ∆ col and ∆ col ′ in V-I (lower panels) and u-V (upper panels) for artificial and real stars (dotted and solid histograms, respectively). Artificial stars are selected in the same way as real stars (i.e. 19.8 V 22.0 RGB stars within ±0.06 mag in color from the ridgeline in the V, V-I CMD) from a Similar Sample, having the same magnitude and radial distribution of real stars (and, by definition, the same number of stars, see Sect. 2.3). A few specific comment are in order:
(i) In all cases the distributions of color spread in real stars are wider than in artificial stars, implying that an intrinsic color spread is detected both in V-I (in agreement with D11, who considered various combinations of optical colors) and in u-V (a new finding, not particularly surprising but not trivial, given the results by Mi12). Subtracting in quadrature the r.m.s. of the artificial stars distribution to that of real stars we find that the average intrinsic scatter is 0.018 mag in V-I and 0.037 mag in u-V. It turns out that the effect has its maximum amplitude in u-I, where the intrinsic spread is 0.082 mag
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(ii) In all the possible comparisons between color spread distributions for artificial and real stars shown in Fig. 8 the probability that artificial and real stars are drawn from the same parent populations are always lower than 4 × 10 −15 , according to Kolmogorov-Smirnov (KS) tests. The same is true for the spread in u-I (not shown in Fig. 8) . The detections of intrinsic color spreads in V-I, u-V and u-I are highly significant.
(iii) The fact that a significant color spread is detected not only in u-V and u-I (i.e., in optical-NUV colors, as in the majority of GCs, see Yong et al. 2008 , and L11) but also in V-I, provides support to the conclusions by D11, i.e. that in the case of NGC 2419 the dominant factor driving the color spread on the RGB, at least near the RGB base, is a large He spread, not the NH and CN bands, as the effects of these bands is weak in this very metal poor regime and it should be negligible in V-I (see L11, discussion and references therein). In Fig. 9 we use BASTI isochrones (Pietrinferni et al. 2004) to show that the observed V-I color spread is roughly qualitatively consistent with the color difference induced by the difference in He abundance proposed by D11. Bellazzini et al. (2012) ; the adopted distance modulus and reddening are from Di Criscienzo et al. (2011a) . The He abundance of the two model is similar to that assumed by D11 for the first (Y=0.245) and second generation (Y=0.400) of stars they propose.
Radial distribution of Red and Blue RGB stars
We divide the RGB sample into RGB-Blue and RGB-Red according to the color of the stars with respect to the ridgeline. It is important to stress that, even with the high photometric quality of the data presented in this paper, we are unable to detect any obvious split (bimodality) in color between the different populations along the RGB. Any empirical separation between a RGB-Blue and a RGB-Red samples based on color is somewhat arbitrary. Even if the two populations were cleanly separated in terms of He and light elements abundance distributions, these physical differences would translate into color spreads whose amplitude changes with magnitude (Mi12, Sbordone et al. 2011) , and observational errors (that are also varying with magnitude) would contribute to mix the two populations. Hence any sample of stars lying to the blue(red) of the ridge-line in a given plane would contain a mix of the two parent populations (e.g., the first and second generation of stars in the cluster). Nevertheless, we expect that each sample is dominated by the corresponding sub-population. In the upper panels of Fig. 10 the selection of the RGBBlue and RGB-Red sub-samples as perfomed in u-V and u-I (left and right panels, respectively) is displayed. In the lower panels the corresponding radial distributions of RGB-Blue and RGB-Red stars are compared. Independently of the adopted selection RGB-Blue stars are significantly more centrally concentrated than RGB-Red stars. According to a KS test the probability that the two sub-samples are extracted from the same parent radial distribution is PKS = 2 × 10 −9 , for the (u-V)-selected samples, and PKS = 8 × 10 −11 for the (u-I)-selected sample 7 . This is the first time that a difference in the radial distribution between different samples of stars is detected in NGC 2419.
In all the GCs where a difference in radial distribution has been observed between stars ascribable to different generations, second generation stars have been invariably found to be more centrally concentrated than first generation stars (see L11, G12 and Mi12 for references and discussion). The result presented in Fig. 10 shows that NGC 2419 is no exception, if indeed RGB-Blue stars are dominated by second generation stars as envisaged by D11 and illustrated in Fig. 9 . Fig. 11 shows the radial trend of the fraction of RGBBlue stars, running from ≃55 per cent at R ∼ 60 ′′ down to ≃15 per cent at R ∼ 260 ′′ , where the profile flattens, albeit with large (but not statistically significant) fluctuations. It is worth recalling that the R 50 ′′ region is excluded from the analysis. The overall fraction of RGB-Blue stars within 10r h is ≃ 40 per cent, in good agreement with the fraction of Mg-deficient stars derived by Mu12 and in rough agreement with the fraction of extreme He-rich stars as estimated by D11.
In a recent paper Vesperini et al. (2012) demonstrated that the spatial segregation between first and second generation stars, set up at the birth of the second generation, can be preserved for a large fraction of the cluster life, depending on the original degree of segregation and on the rate at which 2-body relaxation is working in the cluster (but, in any case, for more than 10 half-mass relaxation times t rh ). As anticipated, in the case of NGC 2419 t rh is significantly larger than the Hubble time (Dalessandro et al. 2008; Harris 1996) , hence the radial distributions of first and second generation stars should closely trace those settled at the end of the star forming phase (see also Bellazzini et al. 2012) . It is interesting to note, from Fig. 11 , that the N Blue /NT OT profile approaches the average global value (∼ 40 per cent) at R ∼ 2r h , in good agreement with the predictions by Vesperini et al. (2012) .
An important test to verify the scenario by D11, where RGB-Blue stars should belong to the same He-enriched second generation as Extreme HB (EHB) stars, would be to search for a radial trend similar to that shown in Fig. 11 for EHB stars. Unfortunately, this is quite difficult to probe because of the large magnitude difference between BHB and EHB, implying a significant difference in the completeness fraction between the two samples, and, above all, the difference in the radial trend of the completeness as a function of radius (see Fig. 6 and Bellazzini et al. 2012) . In particular Bellazzini et al. (2012) showed that even with the deepest HST photometry, the completeness factor of stars as faint as EHB would be lower than 50 per cent for significant fractions of the radial range sampled by the FoV of HST cameras, and in any case it is subject to strong variations with radius over the whole FoV. Hence, the considered test cannot be performed in a safe way with the observational material currently available (and, indeed, was not performed by D11). On the other hand, the results shown in Fig. 10 and Fig. 11 are fully reliable since the RGB-Blue and RGB-Red samples are equally affected by incompleteness. 
Color spread and Mg abundance for bright RGB stars
In fig. 12 we show the location in the V, V-I and V, u-V CMDs of the stars studied by Mu12, according to their Mg abundance. We limited our comparison to stars fainter than V = 17.85 to avoid spurious effect tied to the partial saturation affecting stars brighter than this limit (see Sect. 2.2).
For the same reason, we cannot perform any useful test of correlation between chemical abundances and color for the Cohen & Kirby (2012) sample, since only 3 of the 13 stars in the sample are fainter than V = 17.85. It should be noted that, in spite of the magnitude cut we adopted, several of the Mu12 stars shown in Fig. 12 do not pass the quality criteria described in Sect. 2.1.2. Still it is hard to conceive that the color segregation between Mg-deficient and Mg-normal 8 stars emerging in the V, u-V CMD (and not seen in the V, V-I one) of Fig. 12 can be a spurious effect of larger uncertainties. In the V, u-V CMD 13 of the 15 Mg-deficient stars lie to red of the ridge line, while 13 of 19 Mg-normal stars lie to the blue of the ridge line. We recall that the [Mg/Fe] distribution in NGC 2419 is bi-modal, with a threshold between the two groups occurring at [Mg/Fe]≃ 0.0: hence the separation adopted in Fig. 12 reflects a physical separation between two generations of stars.
In the typical GC self-enriched in light elements (and not in iron), Mg-poor stars would be also Na-rich, hence the results shown in Fig. 12 would be strictly analogous to those shown in other clusters, where Na-rich RGB stars have redder near-UV-optical color than Na-poor ones at the same magnitude (see, e.g., Marino et al. 2008, L11) .
However, with very few exceptions, in typical GCs Mgpoor/Na-rich stars have [Mg/Fe]> 0.0, the large population of Mg-deficient ([Mg/Fe]< 0.0) stars is a unique characteristic of NGC 2419. Moreover, while the small sample stud-ied by Cohen & Kirby (2012) does not allow to draw firm conclusions, no correlation between Mg and Na abundances emerges from their data (see Ventura et al. 2012) . Finally, the results presented in the previous sections seem to confirm the notion that the main factor driving the color spread in the RGB in NGC 2419 is the spread in He abundance, not in CN and NH bands strength, as in other clusters. Therefore, it is unlikely that the general scheme for the interpretation of the behavior of typical clusters can be applied in the present case. It has also to be noted that the stars considered in this section lie in a completely different magnitude range with respect to those considered in previous sections (17.85 V 18.85 vs. 19.8 V 22.0) . By analogy with the results of Mi12, it is quite likely that the two effects are due to different factors acting in different regions of the CMDs.
To investigate the origin of the correlation between Mg abundance and u-V color on the upper RGB shown in Fig. 12 one should try to couple stellar interior and atmosphere models computed on purpose to reproduce the unique (and puzzling) chemical composition of this cluster (Mu12, Cohen & Kirby 2012) , that is clearly beyond the scope of the present analysis.
SUMMARY AND CONCLUSIONS
Using a large number of deep multi-band images from LBC on LBT, we obtained accurate u, V and I photometry of the Red Giant Branch of the massive globular cluster NGC 2419. The main scientific goal of our observations was to search for near-UV color spreads at fixed magnitude on the RGB, a typical photometric signature of multiple populations in GCs (L11). We found a very significant color spread, in excess of what expected from observational errors, in all the considered colors, u-I, u-V, V-I. Our findings are in qualitative and quantitative agreement with the results by D11, who proposed that the RGB color spread in this cluster is mainly due to a large spread of Helium abundance between the subsequent stellar generations of the cluster. The occurrence of a significant spread also in colors not including near-UV filters, found by D11 with various passbands combination and confirmed here in V-I, strongly support this view. The variations of NH and CN band strength that drive the near-UV color spread in typical clusters is ineffective in optical colors (see, e.g., L11) , while variations in He change the surface temperature of the stars independently of the details of the stellar atmosphere (see Cassisi, Salaris & Pietrinferni 2013 , for discussion and references). In this scenario, the He-rich second-generation RGB stars lie to the blue of the He-normal RGB stars from the first generation, as shown in Fig. 9 , above.
We divided our RGB sample into a RGB-Blue and a RGB-Red subsample, according to their position in (u-V or u-I) color with respect to the cluster ridge line, and we investigated their radial distributions. We found that these differ at a very high level of significance, RGB-Blue stars being more centrally concentrated than RGB-Red ones. This is the first detection of a difference in the radial distribution between different samples of stars in this cluster. Interpreting the RGB-Blue sample as dominated by second generation stars, following D11, the sense of the observed difference is the same found in all the other GCs where differences in radial distributions have been detected, i.e. second generation stars are more centrally concentrated than first generation stars, in good agreement with the recent models by Vesperini et al. (2012) . It has to be noted that the difference in the radial distribution of first and second generation stars at the end of the star formation epoch, is a general prediction of all the models of chemical self-enrichment in GCs (Decressin et al. 2007 (Decressin et al. , 2008 D'Ercole et al. 2008; de Mink et al. 2009) The lack of a spread in iron abundance combined with the significant spread in He and light elements, and the difference in the radial distribution between RGB-Blue and RGB-Red stars strongly suggest that the peculiar abundance pattern observed in NGC 2419 is more likely due to an extreme manifestation of the multiple population syndrome affecting GCs than to the self-enrichment processes at work in typical dwarf galaxies (D11,Mu12 Cohen & Kirby 2012; Ventura et al. 2012) . The interpretative scheme recently proposed by Ventura et al. (2012) can possibly accommodate also the small spread in Calcium abundance claimed by Cohen & Kirby (2012) 9 into a chemical enrichment path driven by AGB stars.
However it should be recalled that, while promising, Ventura et al.'s model is highly speculative (for instance cross sections of relevant nuclear reaction must be stretched by a factor of a hundred with respect to their standard value, to reproduce the observed enhancement in Potassium abundance) and we are far from a complete understanding of the evolutionary path of NGC 2419. It is quite likely that, in spite of the impressive progresses of the latest years, we are also still lacking important observational facts, as emphasized by Ventura et al. (2012) . The correlation between u-V color and Mg abundance presented in Fig. 12 provide an excellent example in this sense. While the effect is analogous to the correlation between near-UV colors and, e.g., Na abundance observed in many metal-intermediate and metal-rich clusters, it is very unlikely that it has the same origin. Stellar models predict that the He-rich RGBs from the second generation should lie to the red of first generation stars all along the RGB (see Fig. 9 ). Hence Mg-poor stars, that should belong to second generation (Ventura et al. 2012) , should lie on the blue side of the RGB, since the effects of NH and CN bands should be negligible at the metallicity of NGC 2419. Still we observe that Mg-poor stars lie in the red side of the RGB, indicating that some other mechanisms should be at work, possibly some unexpected spectral feature due to the the highly non-standard composition of the atmosphere of the stars of this cluster. Obtaining spectra of these stars in the region of the U band seems the only way to get further insight on this puzzling issue. 9 The only difference in the results of the spectroscopic analyses by Mu12 and Cohen & Kirby (2012) ) is about the spread in the Ca abundance: the former conclude that ... the spread in calcium abundance is absent or very small..., while Cohen & Kirby (2012) claims that a small but real spread is actually there, especially among Mg-poor stars. From their data, using the Maximum Likelihood technique adopted by Mu12, we find that the intrinsic Ca spread is σ[Ca/F e] = 0.05 ± 0.13.
